SUMMARY Various parameters of the F-response including minimal and maximal latency, chronodispersion, amplitude (absolute and F%M) and duration have been determined for a sample of 20 responses in the median and ulnar nerves bilaterally in normal healthy subjects of both sexes aged between 12 to 81 years. Side to side comparisons revealed no significant differences in any of the parameters except for slightly longer minimum F latencies in the right median nerve. Strong correlations were found between minimal and maximal F latencies and height, while much weaker relationships were found between these parameters and age. There was a slight but significant relationship between F%M and age, but no age or sex related changes were noted for any of the remaining F-response parameters.
Over recent years the value of F-responses in the investigation of patients with both generalised and localised disturbances in peripheral nerves has become well established.' -5 The majority of reports have concentrated on the measurement of F-response latency, which has proved to be a more sensitive indicator of a conduction abnormality than the maximal motor and sensory conduction velocities.6 In particular the F-response has been helpful in the examination of proximally situated lesions which are inaccessible to conventional techniques. 7' Less attention, however, has been paid to other aspects of the F-response, including amplitude, duration, shape and frequency. Since the composition and discharge characteristics of motor unit potentials, which are the basic components of these late responses, may be altered by pathology, examination of these parameters might provide useful information about the presence and nature of a disorder affecting the upper and lower motor neurons. examine side to side differences in pathological situations, observations were made on both upper limbs. As a necessary precursor to F-response measurement, conventional motor conduction studies were also performed in each nerve. F-response frequency and shape were studied in a separate investigation, the findings of which are presented elsewhere.9
Subjects and methods
The control population consisted of 64 normal healthy subjects drawn mainly from medical and nursing staff and university students; equal numbers of men and women took part. Their ages ranged from 12 to 81, the majority being between 20 and 60 years old (mean 43-0, SD 16*5). All but two were right handed. There were at least 12 subjects in each of the age groups 12-30, 31-40, 41-50, 51-60 and 61-81 (6 of each sex). Informed consent was obtained from each subject.
The investigations were carried out in a warm room and care was taken to ensure that the subject was relaxed. The skin temperature of the hand was monitored with a thermistor (Light Laboratories, Brighton, Sussex) and maintained at about 34°C with a heating lamp. A DISA 1500 EMG Digital system was used to carry out all studies. Stimulation was performed using surface pad electrodes soaked in saline (Disa 13L 22) with the cathode situated distally. Recordings of the compound muscle action potential were made using saline soaked pads of 1 cm diameter connected to metal disc electrodes mounted in a plastic frame. The active electrode was placed over the muscle belly and the reference electrode was positioned over the tendon at the base of the appropriate first metacarpal. A stimulus frequency of 1 Hz and pulse duration of 0-2 ms were used. Recordings were made from the thenar and F-response behaviour in a control population hypothenar muscles for the median and ulnar nerves respectively. Gain settings of 0-5 mV and 5 mV were used for measuring the latency and amplitude respectively. The terminal latency, peak to peak M-response amplitude and motor conduction velocity in the forearm and arm segments were determined in both nerves.
F-response studies The F-response in median and ulnar nerves were recorded from the abductor poilicis brevis and abductor digiti minimi muscles respectively using the same electrode arrangement as for conduction velocity studies. Each nerve was stimulated supramaximally with stimulus frequency 1 Hz pulse duration of 0-2 ms, and recordings were made with a sweep-speed of 5 Over the age range studied there was no consistent correlation between age and distal motor latency or motor conduction velocity in the distal segment. A trend towards reduction in proximal velocity with increasing age was noted, but this did not reach statistical significance. There was no difference in conduction velocity between sexes, but a highly significant increase (p < 0.0001) in conduction velocity was found from distal to proximal segments, which was of the order of 11 mls.
The amplitude of the evoked muscle action potential was significantly higher in the right median nerve than the left (p < 0.01), and although a similar difference was observed in the ulnar nerve, this did not reach statistical significance. Because of these differences the values from the two sides were not pooled.
F-response studies
Satisfactory recordings of late responses were obtained in each nerve in all of the subjects. Typical recordings from two subjects are presented in the figure, showing the variation in latency, amplitude and configuration with successive sweeps which is characteristic of the F-response.
F-minimum and maximum latencies
Values for the minimum and maximum F-response latencies in each of the four nerves studied are presented in table 2. For each control subject, age, sex and height were recorded and each of these factors was tested for a possible influence on the F-latencies. These three factors are not independent. The two sex groups were well balanced for age but males were significantly taller than females (t = 3-2, df = 58, p < 0.01). There was also a tendency for the older subjects to be shorter (r = -0-28, p < 0-05). An analysis of covariance showed figure, A and B) . Occasionally identical responses were observed in the sample of 20, but this appeared to be the exception rather than the rule. Both these features of the F-response have been examined in more detail elsewhere.9
Discussion
The purpose of the present study was to investigate the behaviour of various characteristics of the F-response in respect of age and sex, and to establish quantitative data for some of the newer F-response parameters. As side to side comparisons are frequently made in clinical practice, this was also examined for both' F-responses and motor conduc- Example: Minimum F-latency for right ulnar nerve will be F-latency (ms) =-3-7 + (0-034 x age in yr) + (0-1622 x height in cm) ±2-2 (95% confidence interval). Mean minimum F-latency values were greater in the right median nerve than the left. 1" there was no significant difference in motor conduction velocity between the two sides in both the median and ulnar nerves. However the compound muscle action potential amplitudes were slightly, and in the case of the median nerve significantly, larger on the right side, reflecting the fact that almost all of controls were right-handed with the probability of greater muscular development on the dominant side. There was no significant change in motor conduction velocity with age in these subjects, but the amplitude of the M-response did tend to decline with increasing age, although this, in contrast to the findings of Campbell et al, '6 did not reach statistical significance. This agerelated decrease in M amplitude is thought to reflect an overall reduction in the number of motor units, which becomes particularly pronounced after the age of 60 years. '6 There can now be little doubt that the F-response represents a recurrent discharge in motor units activated by an antidromic impulse following peripheral nerve stimulation.'7-20 Furthermore, following the early work of Kimura,' Panayiotopoulous3 4 and others,25 the clinical value of measuring the F-response latency as an indication of conduction of motor axons is firmly established. There is however, dispute concerning the use of F-latency for conduction velocity determinations, and certain workers prefer to rely on minimum F latency measurements alone.2' Opinions vary with regard to the number of F-responses required to obtain a correct minimum latency value. Lachman et a15 recorded 10 responses, but Panayiotopoulos et a13 showed that in control subjects only one to three of 20 consecutive F-responses were conducted along the fastest motor fibres, and they suggested that at least 20 responses should be measured in order to establish the shortest latency. We have also examined this aspect in a much larger population of F-responses and found that the minimum value of 20 had only a 59% probability of being within 0 5 ms and a 76% probability of being within 1 ms of the minimum value obtained from at least 100 responses (in preparation). Nevertheless since the collection of a large sample of responses is time consuming and not well tolerated by some patients, a total of 20 was decided to be a satisfactory compromise.
The present study has confirmed the direct relationship between minimum F-response latency and height as reported by others,2 5 22 23 and also between Peioglou-Harmoussi, Howel, Fawcett, Barwick maximum F-latency and height, while a much weaker correlation was found with age. Values for the mean minimum F-response latencies irrespective of these variables compare closely with the findings of Lachman et al. 5 Comparison of the findings in the four nerves examined revealed no significant differences apart from a slightly higher minimal F-latency value in the right median nerve, which may reflect an increased susceptibility to minor trauma in this nerve in the dominant limb, for example at the wrist within the carpal tunnel. Nevertheless slight differences were found between the values for the regression coefficients relating latency, height and age in the four nerves and also between these findings and those of Lachman et al. 5 These differences are likely to be due in part to the errors imposed on the minimum and maximum latency 'values in each nerve by the small sample used to obtain the latency value, and also in respect of the two studies the differences in sample size.
Recent interval between the onset of the fastest F-response and the end of the slowest F-response (F-"complex" duration),632 and consequently the findings are not comparable. Fisher33 found evidence of a negative correlation between F duration and latency from which he concluded that there was an orderly antidromic activation of motor neurons. However we were unable to confirm such a relationship between duration and latency in the present study, nor was there any relationship between duration and age.
The shape of the F-responses varied considerably reflecting the different individual motor units and combinations of motor units activated with each successive stimulus. No attempt was made in the present study to examine systematically this feature of the F-response, although the occurrence of identical responses was noted in a number of recordings. More detailed and quantitative information concerning the shape, frequency of identical responses and overall frequency of F-response production are presented in the accompanying paper. 9 The measurement of F latency has proved to be a valuable adjunct to conventional motor conduction 1157 velocity, and has the considerable virtues of being relatively simple to perform, reliable and reproducible. Other parameters of the late response which have been determined in this study require rather more time and attention. However, our experience with these newer aspects of the F-response in conditions affecting the upper and lower motor neurons has shown them to be worther of study and helpful in the identification of pathology.
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